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(54) Title: PROCESS FOR THE ANTIMICROBIAL TREATMENT OF FIBER MATERIALS 

^ (57) Abstract: A process for the antimicrobial treatment of fiber materials, comprising applying to the fiber material an inclusion 
complex of a fiber-reactive cyclodextrin derivative with an antimicrobial agent selected from the group consisting of (a) halogeno-o- 

^5 hydroxydiphenyl compounds or non-halogenated hydroxydipheny] ether compounds; (b) phenol derivatives; (c) benzyl alcohols; (d) 
chlorohexidine and derivatives thereof; (e) C 12 -i4alkylbetaines and C s -Ci 8 fatty acid amidoaklylbetaines; (0 amphoteric surfactants; 

^ (g) trihalocarbanilides; (h) quaternary and polyquaternary compounds; and (i) thiazole compounds. 
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Process for the antimicrobial treatment of fiber materials 

The present invention relates to a process for the treatment of fiber materials with an. 
inclusion complex of fiber-reactive cyclodextrin derivatives with special antimicrobial agents, 
aqueous compositions comprising these inclusion complexes, and novel inclusion 
complexes. 

The use of antimicrobials in various textile related applications is increasingly important. 
Some antimicrobial substances do not have good substantivity to textile substrates, for 
example cotton. It is often found that when applied to textile materials the antimicrobial agent 
will be washed off after a few laundering cycles and the antimicrobial activity becomes 
diminished. Therefore, finding a process or formulation that could prolong the washing 
durability is scientifically interesting and commercially promising. Surprisingly, it was found 
that special antimicrobials can be complexed with fiber-reactive cyclodextrin derivatives. The 
latter is characterized by the presence of a cavity formed by its special molecular 
configuration. Furthermore, such fiber-reactive cyclodextrin derivatives can be covalently 
fixed to cotton substrates. Therefore, a controlled delivery system can be made whereby the 
reactive cyclodextrin acts as both an anchor to the fiber materials as well as a carrier for 
interested antimicrobial substance. 

It was found that the antimicrobial/cyclodextrin complexes, when incorporated to fiber 
materials, can provide prolonged washing durability. The prolonged presence of 
antimicrobials incorporated on fiber materials makes the substrates more hygienic, less 
prone to cross contamination and fresher. The latter aspect is achieved because the selected 
antimicrobials are able to inhibit the growth of certain microorganisms, especially gram 
positive bacteria, which are considered as being capable to develop odour by metabolizing 
certain components in sweat as well other substances that can be found on textile substrates. 

Another important aspect is that the performance in inhibiting the formation of odour by the 
presence of antimicrobials can be enhanced with such a complex. Because cyclodextrin itself 
has certain capacities in absorbing small odour causing molecules. Therefore, the complex, 
when incorporated onto the fiber materials, is able to inhibit the odour formation due to 
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bacteria metabolism, as well as absorb other odours available in the environment where 
textile products are used, such as smoke odour. 

Furthermore, due to the change of physical properties of the complex, in comparison to those 
of the antimicrobials alone, the substantivity of antimicrobials to various textile substrates can 
be enhanced. Such an aspect is of interest if antimicrobials are used in laundering 
processes. Conventionally antimicrobials are incorporated into laundry detergent and used in 
laundering process. But due to poor substantivity of selected antimicrobials towards the 
substrate, a large portion of the antimicrobials can not be absorbed by the substrate and is 
washed off together with the laundry liquor. The improvement of the antimicrobial in a carrier 
system can therefore be benefitial in the following aspects: more efficient use of antimicrobial, 
less antimicrobial in the effluent and therefore less ecotoxological impact, better stability and 
less interactions of the antimicrobials with other agents found in common laundry detergent. 

The present invention, therefore, relates to a process for the antimicrobial treatment of fiber 
materials, comprising 

applying to the fiber material an inclusion complex of a fiber-reactive cyclodextrin derivative 



with an antimicrobial agent selected from the group consisting of 


(a) 


halogeno-o-hydroxydiphenyl compounds or non-halogenated hydroxydiphenyl ether 




compounds; 


(b) 


phenol derivatives; 


(c) 


benzyl alcohols; 


(d) 


chlorohexidine and derivatives thereof; 


(e) 


C 12 -C 14 alkylbetaines and C 8 -C 18 fatty acid amidoalkylbetaines; 


(f) 


amphoteric surfactants; 


(g) 


trihalocarbanilides; 


(h) 


quaternary and polyquaternary compounds; and 


(i) 


thiazole compounds. 



Preferably, the antimicrobial agent (a) as a halogeno-o-hydroxydiphenyl compound is 
selected from compounds of the formula 
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OH 



wherein 

X is oxygen, sulfur or -CH 2 -, 

Y is chloro or bromo, 

Z is S0 2 H, N0 2 or (VC^AIkyl, 

r is 0 to 3, 

o is 0 to 3, 

p isOoH, 

m is 0 or 1 and 

n isOorl; 

and at least one of r or o is * 0. 

Preferably, in the present process, antimicrobial agents (a) of formula (1) are used, wherein 
X is oxygen, sulfur or -CH 2 -, and 

Y is chloro or bromo, 
m is 0, 

n isOorl, 
o is 1 or 2, 
r is 1 or 2 and 
p is 0. 

Of particular interest as antimicrobial agent (a) of formula (1) is a compound of formula 



(2) 




(Cl)„ 



wherein 

X is -O- or -CH 2 -; 
m is 1 to 3; and 
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n is 1 or 2, and most preferably a compound of formula 



CI OH OH 




Preferably, the antimicrobial agent (a) as a non-halogenated hydroxydiphenyl ether 
compound is selected from compounds of the formula 

OH 




wherein 

and U 2 are independently of each other hydrogen, hydroxy, unsubstituted or hydroxy- 

substituted CVCzoalkyI, Cg-Cycycloalkyl, C r C 6 alkylcarbonyl f C^Czoalkoxy, phenyl or 

phenyl-C r C 3 -alkyl; 
U 3 is hydrogen, C r C 20 alkyl, C r C 20 alkoxy or (VCealkylcarbonyl; and 
U 4 is hydrogen, unsubstituted or hydroxy-substituted C r C 20 alkyl, C 5 -C 7 cycloalkyl, hydroxy, 

formyl, acetonyl, C r C 6 alkylcarbonyl, C 2 -C 20 alkenyl, carboxy, carboxyCVCaalkyl, C r 

CaalkylcarbonylCrCgalkyl or carboxyallyl. 

U t , U 2l U 3 and U 4 as C r C2oalkyl are straight-chain or branched alkyl radicals such as methyl, 
ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, tert-butyl, pentyl, iso-pentyl, tert-pentyl, hexyl, 
cyclohexyl, heptyl, octyl, isooctyl, nonyl or decyl and the like. 

U„ U 2 and U 3 as C r C 20 alkoxy are straight-chain or branched alkoxy radicals such as 
methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, sec-butoxy, tert-butoxy, pentyloxy, iso- 
pentyloxy, tert-pentyloxy, heptyloxy, octyloxy, isooctyloxy, nonyloxy or decyloxy and the like. 

U lt U 2> U 3 and U 4 as C r C 6 alkylcarbonyl are straight-chain or branched carbonyl radicals such 
as acetyl, propionyl, butyryl, isobutyryl, valeryl, isovaleryl or pivaloyl and the like. 
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U,, U 2 and U 4 as hydroxy-substituted C r C 20 alkyl are, for example, hydroxymethyl, 
hydroxyethyl, hydroxy propyl, hydroxybutyl, hydroxypentyl, hydroxyhexyl, hydroxyheptyl, 
hydroxyoctyl, hydroxynonyl or hydroxydecyl and the like. 

Preferably compounds of formula (V) are used, wherein OH is in the para position with 
respect to the ether linkage. 

and U 2 are independently of each other preferably hydrogen, C r C 20 aIkyl, 
C r C 6 alkylcarbonyl or C^C^alkoxy. 

U 3 is preferably hydrogen, C r C 20 a\ky\ or C r C 20 alkoxy. 

U 4 is preferably hydrogen, CVC^alkyl, hydroxy, formyl, acetonyl, allyl, carboxymethyl, 
carboxyaliyl, hydroxy substituted C r C 20 alkyl or C r C 5 alkylcarbonyl. 

Preferred are compounds of formula (V) wherein and U 3 are C 1 -C 4 alkyl and U 2 and U 4 are 
hydrogen. 

Compounds of formula (V) which are of particular interest include the following: 




Other compounds of formula (1') which are of particular interest include the following: 
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, wherein 



U, is C r C 5 alkyI; for example the compound of formula 




Of interest are also compounds of formula 




; wherein 



U 4 is CVCgalkyl, for example the compound of formula 




Compounds of particular interest include the following: 
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The compounds of formula (1') are known or can be prepared in analogy to known 
compounds. 

Preferred phenol derivatives (b) correspond to formula 



OH 



(5) 




R 3 



wherein 

R, is hydrogen, hydroxy, C r C 4 alkyl, chloro, nitro, phenyl or benzyl, 
R 2 is hydrogen, hydroxy, d-Cealkyl or halogen, 

R 3 is hydrogen, C r C 6 alkyl, hydroxy, chloro, nitro or a sulfo group in the form of the alkali 

metal salts or ammonium salts thereof, 
R 4 is hydrogen or methyl, and 
R s is hydrogen or nitro. 

Such compounds are typically chlorophenols (o-, m-, p-chlorophenols), 2,4-dichlorophenol, p- 
nitrophenol, picric acid, xylenol, p-chloro-m-xylenol, cresols (o-, m- f p-cresols), p-chloro-m- 
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cresol, pyrocatechin, resorcinol, orcinol, 4-n-hexylresorcinol, pyrogallol, phloroglucine, 
carvacrol, thymol, p-chlorothymol, o-phenylphenol, o-benzylphenol, p-chloro-o-benzylphenol, 
4-phenoIsulfonic acid, hydroxy biphenyls and its salts. 

Typical antimicrobial agents (c) correspond to the formula 

CH 2 -OH 



wherein 

Ri. R2» R31 R4 and R 5 are each independently of one another hydrogen or chloro. 

Illustrative examples of compounds of formula (6) are benzyl alcohol, 2,4-, 3,5- or 2,6- 
dichlorobenzyl alcohol and trichlorobenzyl alcohol. 



hexamethylene-bis-(5-(p-chlorophenyl)-biguanide), together with organic and inorganic acids 
and chlorhexidine derivatives such as their diacetate, digluconate or dihydrochloride 
compounds. 

Antimicrobial agent (e) is typically C 8 -C 1Q cocamidopropylbetaine. 

Amphoteric surfactants as antimicrobial agents (f) are suitably C 12 alkylaminocarboxylic and 
C^Caalkanecarboxylic acids such as alkylaminoacetates or alkylaminopropionates. 

Typical trihalocarbanilides which are useful as antimicrobial agent (g) are compounds of the 
formula 




Antimicrobial agent (d) is typically chlorohexidine and salts thereof, for example 1,1'- 
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wherein 

Hal is chloro or bromo, 
n and m are 1 or 2, and 
n + m are 3. 

The quaternary and polyquaternary compounds which correspond to antimicrobial agent (h) 
are typically of the formula 



wherein 

R 6 , R 7 i Rs and R 9 are each independently of one another C^C^alkyl, C^C^alkoxy or phenyl- 

lower alkyl, and 

Hal is chloro or bromo. 

Among these salts, the compound of formula 

CH 3 r=\ 



wherein 

n is an integer from 7 to 17, is very particularly preferred. 

A further exemplified compound is cetyl trimethylethyl ammonium bromide or poly- 
(hexamethylene biguanide) hydrochloride. 



(8) 




(9) 




cr 



Antimicrobial agents (i) are typically methylchloroisothiazolone, methylisothiazolone, 
octylisothiazolone and benzylisothiazolone. Of particular interest as antimicrobial agent (i) is 
methylchloroisothiazoline. 
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Further examples of useful antimicrobial agents are zinc pyrithion, propyl paraben, butyl 
paraben, imidazolidinyl urea, 2-phenoxy ethanol (phenoxyethanol), 1 ,3-bis(hydroxymethyl)- 
5,5-dimethyl-2,4-imidazolidinedione (DMDM hydantoin) and 3-iodo-2-propynyl 
butylcarbamate. 

Highly preferred are antimicrobial agents (a). 

Fiber-reactive groups of the cyclodextrin derivatives are groups capable of reacting with the 
fiber material, for example with the hydroxyl groups of cellulose, the amino, carboxyl, 
hydroxy! or thiol groups in the case of wool and silk or with the amino and possibly carboxyl 
groups of synthetic polyamides with the formation of covalent chemical bonds. Fiber-reactive 
groups are generally attached directly or via a bridge member to a carbon atom of the 
cyclodextrin derivative. Examples of suitable fiber-reactive groups include those which 
contain at least one detachable substituent on an aliphatic, aromatic or preferably on a 
heterocyclic radical or in which the radicals mentioned contain a radical suitable for reaction 
with the fiber material. Examples of suitable bridge members according to which the fiber- 
reactive groups can be attached to a carbon atom of the cyclodextrin derivative are -O-CO- 
and preferably -O-. 

Examples of fiber-reactive groups include fiber-reactive radicals containing carbo- or 
heterocyclic 4-, 5- or 6-rings substituted by a detachable atom or group. Examples of 
heterocyclic radicals include heterocyclic radicals which contain at least one detachable 
substituent attached to a heterocyclic ring; and those which contain at least one reactive 
substituent attached to a 5- or 6-membered heterocyclic ring, as to a triazine, pyridine or 
pyrimidine. The heterocyclic fiber-reactive radicals mentioned may further contain, via a 
direct bond or via a bridge member, further fiber-reactive radicals. 

The fiber-reactive group of the cyclodextrin derivative is preferably a nitrogen-containing 
heterocycle having at least one substituent selected from the group consisting of halogen, 
especially fluorine or chlorine, and unsubstituted or substituted pyridinium. 

Examples of such fiber-reactive groups are 
a) a triazine group of formula 
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(10) N^N 
wherein 

R 10 is fluorine, chlorine or unsubstituted or carboxy-substituted pyridinium, and 
R„ is as defined above for R 10 or is a radical of formula -OR 12 or -N(R 13 )R 14 , wherein 
R 12 is hydrogen, alkali, C r C 8 alkyl which is unsubstituted or substituted by hydroxy or 
C r C 4 alkoxy, and 

R 13 and R 14 , independently from each other, are hydrogen; C r C 8 alkyl which is unsubstituted 
or substituted by C r C 4 alkoxy, hydroxy, sulfo, sulfate or carboxy; or phenyl which is 
unsubstituted or substituted by C r C 4 alkyl, C r C 4 alkoxy, halogen, nitro, carboxy or sulfo; 
b) or a pyrimidinyl group of formula 




wherein 

one of radicals R 15 and R 16 is fluorine or chlorine and the other one of radicals R 15 and R 16 is 

fluorine, chlorine, or is a radical of formula -OR 12 or -N(R 13 )R 14 as defined above, and 

R n7 is C.-C.alkylsulfonyl, C r C 4 alkoxysulfonyl, C r C 4 alkoxycarbonyl, C 2 -C 4 alkanoyl, chlorine, 

nitro, cyano, carboxyl or hydroxyl; 

c) or a dichloroquinoxaline group of formula 




Highly preferred are groups of formula (10), especially those wherein R 10 is chlorine. 
R n is preferably a radical of formula -OR 12 , wherein R 12 is hydrogen, alkali or C r C 8 alkyl. 
Preferred radicals R n are those of formula -OR 12 wherein R 12 is hydrogen, alkali or 
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C r C 4 aikyl, especially hydrogen or alkali. Alkali is highly preferred. Alkali is preferably sodium. 

The cyclodextrin derivatives contain preferably 2 to 3 fiber-reactive groups. 

Fiber-reactive cyclodextrine derivatives are known and the preparation of such fiber-reactive 
cyclodextrine derivatives can be carried out according to known processes (see for example 
US-A-5,728,823). 

For example, trichlorotriazine or trifluortriazine is subjected to a condensation reaction with a 
compound of formula H-R 10 and/or H-R^ and the resulting fiber-reactive group containing at 
least one chlorine or fluorine substituent is subjected to a further condensation reaction with 
the cyclodextrin derivative. The condensation reactions can be carried out at a temperature 
of 0 to 25°C in aqueous medium. It is preferred to carry out the condensation reactions under 
pH-control in slightly alkaline medium. 

Preferred as cyclodextrin is (3-cyclodextrin. 

The preparation of the inclusion complex can be carried out according to known methods. 
For example, the inclusion complexes can be prepared by combining a mixture A) containing 
the fiber-reactive cyclodextrin and water with a mixture B) containing the antimicrobial agent 
and an organic solvent. It is preferred to add either mixture A) or mixture B) in portions. The 
addition can be carried out at room temperature. The weight ratio of cyclodextrin/water in 
mixture A) is usually 0.1/1 to 1/0.1 , especially 0.5/1 to 1/0.5. A weight ratio of about 1/1 is 
preferred for mixture A). The weight ratio of antimicrobial agent/organic solvent in mixture B) 
is usually 0.1/1 to 1/0.1, especially 0.5/1 to 1/0.5. A weight ratio of about 1/1 is preferred for 
mixture B). The amounts of mixtures A) and B) to be combined can be chosen so that the 
molar ratio of antimicrobial agent/cyclodextrin is usually 0.1/1 to 1/0.1, especially 0.5/1 to 
1/0.5. A molar ratio of about 1/1 is preferred. Preferred organic solvents are methanol and 
especially ethanol. The preparation of the inclusion complex is carried out, for example, at a 
pH of > 7, preferably of > 9 and especially of > 1 0. As the upper limit a pH, for example, of 1 2 
is appropriate. 
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During and after combination of mixtures A) and B) the resulting mixture is stirred or, if 
necessary, kneaded, for example for 1 to 24 hours. Then the solvents are removed, for 
example by drying, at a temperature of 40 to 100°C. 

Usually preparations of fiber-reactive inclusion complexes are carried out by first preparing 
the fiber-reactive cyclodextrin and then introducing the agent to be complexed. However, 
such a procedure has the disadvantage that the fiber-reactive group is present in all reaction 
steps and therefore hydrolisation of the fiber-reactive group can take place to a greater 
extent. Furthermore, it is common practice that the uncomplexed fiber-reactive cyclodextrin is 
dried after preparation and is dissolved again in water for preparation of the inclusion 
complex. Such a procedure has the disadvantage that again hydrolisation of the fiber- 
reactive group can take place during the additional drying step. 

It has now been found that hydrolisation can be minimised if a process is used which 
comprises 

a) forming an inclusion complex of cyclodextrin with at least one of the antimicrobial agents 
given before; and then 

b) introducing at least one fiber-reactive group into the inclusion complex obtained according 
to step a). 

Preferably, the inclusion complex obtained according to step a) is processed directly without 
intermediate drying. 

Step a) is usually carried out at temperatures of 20 to 80°C, especially 40 to 70°C, in an 
aqueous medium containing the non-reactive cyclodextrin and the antimicrobial agent. The 
weight ratio of cyclodextrin/antimicrobial agent is usually 0.1/1 to 1/0.05, especially 0.5/1 to 
1/0.1. A weight ratio of about 1/1 to 1/0.1 is preferred. After preparation it is preferred that the 
non-reactive inclusion complex is isolated, for example by filtration, or the reaction mixture 
obtained according to step a) is used as such. Preferably, the product obtained is not dried 
before carrying out step b). This means that the wet cake obtained after filtration is used as 
such for step b) or, alternatively, the reaction mixture obtained according to step a) is used 
directly for step b). 
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Step b) is usually carried out at temperatures of 0 to 40°C, especially 0 to 25°C, in an aqueous 
medium containing the non-reactive inclusion complex obtained according to step a) and the 
fiber-reactive group. The weight ratio of non-reactive inclusion complex/fiber-reactive group is 
usually 0.1/1 to 1/0.05, especially 0.5/1 to 1/0.1, more peferably 1/1 to 1/0.1. 

After preparation of the fiber-reactive inclusion complex the product can be dried, preferably 
under mild conditions in order to minimise hydrolisation of the fiber-reactive group. Such 
drying can, for example, be carried out by evaporation at low pressure (like 0.01 to 0.9 bar, 
especially 0.01 to 0.2 bar), or in a paddle drier or in a spray tower. The temperatures to be 
used for the drying step can vary depending on the drying method used. For evaporation or 
drying in a paddle drier temperatures like 20 to 80°C are preferred. Drying in a spray tower 
can, for example, be carried out at temperatures of 100 to 200°C. - 

The application of the inclusion complex, as a rule, is carried out in aqueous medium. The 
concentration of the inclusion complex in the aqueous bath is preferably 0.1 to 100 g per liter, 
especially 2 to 100 g/liter. Highly preferred is a concentration of 2 to 50 g/liter, especially 2 to 
25 g/liter. It is preferred to carry out the application of the inclusion complex at a pH of from 4 
to 7. 

The application can be carried out according to well-known textile related processes; for 
example according to conventional padding processes. For example, the fiber material is 
passed through an aqueous liquor containing the inclusion complex, the textile material is 
squeezed to a defined liquor pick-up rate and then, if desired, a heat treatment can be carried 
out. The liquor pick-up rate is usually 40% to 200% by weight, especially 50% to 150% by 
weight, based on the weight of the fiber material. 

The heat treatment can be carried out at a temperature of 60 to 200°C, especially 90 to 
200°C. Preferred is a temperature of 150 to 200°C. Prior to the heat treatment, it is preferred 
to dry the fiber materials. 

The padding process is usually carried out as a continuous process wherein the fiber material 
is continuously passed through the aqueous liquor containing the inclusion complex. 
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Furthermore, the application can also be carried out according to known exhaustion 
processes. According to this process the fiber materials are immersed into a bath. The 
temperature to be used can vary between 20 to 1 00°C. 

Fiber materials which can be treated with the inclusion complex are fiber materials 
comprising, for example, natural or synthetic polyamide (like wool, silk, nylon) and cellulose- 
containing textile materials of all kinds, for example regenerated or especially natural 
cellulose fibres, such as cotton, linen, jute, hemp, ramie and polyester; or blends containing 
the above fiber materials, like polyamide/polyester, polyester/cotton and polyester/wool. 

Preferred fiber materials are those comprising wool, synthetic polyamide and especially 
cellulose-containing fiber materials, preferably cotton. 

The fiber material can be in different forms of presentation, as woven or knitted fabrics or as 
piece goods such as knitgoods, nonwoven textiles, carpets, yarn or staple fibres. 

Furthermore, the present invention is directed to aqueous compositions comprising the above 
inclusion complexes. As to these compositions the above meanings and preferences apply. 

Another object of the present invention are the inclusion complexes given above. As to these 
inclusion complexes the above meanings and preferences apply. 

In the following Examples, percentages are by weight 

Example 1 (Preparation of the inclusion complex) 

38.5 g of Cavasol W7 MCT* (p-cyclodextrin which contains 2 to 3 fiber-reactive 
monochlorotriazinyl groups which are substituted by -ONa and are attached to the 
cyclodextrin via a bridge member of formula -O-; commercially available from Wacker 
Chemie AG, Germany) and 33.5 g of deionised water are mixed to form Mixture A). 

7.5 g of the antimicrobial agent of formula 
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OH 




(101) 



and 7.5 g of ethanol are mixed to form Mixture B). 

Mixture A) is transferred to a Kenwood-kneader and Mixture B) is added in portions during 
kneading. After all of Mixture B) has been added kneading is continued for 4 hours. The 
resulting product is put into a dryer and the solvent is evaporated at a temperature of 60°C. 
Finally, the product is ground in a mortar. 

Example 2 (Application of the inclusion complex prepared according to Example 1) 

a) Preparation of the formulation of the inclusion complex 

10.03 g of the inclusion complex prepared according to Example 1 are dissolved in 500 ml 
water and acidified by addition of about 8 ml acetic acid to give a pH of 5. 

b) Application of the formulation prepared according to a) 

The formulation is in each case applied on undyed cotton fabric by padding with a pick-up 

rate of 100%. The pressure is adjusted to a pick-up rate of 100% (1.8 bar). 

Then the samples indicated in column 1 of the following Table 1 were treated as follows: 

Sample 1: dried at room temperature/ unwashed (Reference) 

Sample 2: first dried at room temperature and then 5 minutes at 150°C / unwashed 

Sample 3: first dried at room temperature and then 5 minutes at 170°C / unwashed 

Sample 4: dried at room temperature / 20x washed (Reference) 

Sample 5: first dried at room temperature and then 5 minutes at .150°C / 20x washed 

Sample 6: first dried at room temperature and then 5 minutes at 170°C / 20x washed 

Sample 7: dried at room temperature / 30x washed (Reference) 

Sample 8: first dried at room temperature and then 5 minutes at 150°C / 30x washed 

Sample 9: first dried at room temperature and then 5 minutes at 170°C / 30x washed 
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c) Washing test 

The fabric is washed 20 times (or 30 times, respectively) under the following washing 
conditions: 

Detergent: 30 g IEC 456-A (standard detergent) 

Washing machine: Wascator FOM 71 MP LAB 
Temperature: 40°C 

d) Antimicrobial tests (determination of the Antimicrobial efficacy of the treated fibre) 
The antibacterial activity of a sample has been tested in an agar diffusion test. 

Microbiological evaluation: Determination of the bacteriostatic activity according to the 

bacterial growth inhibition test. 

Principle: Discs of the treated cotton samples with 20 mm diameter are 

cut under sterile conditions and then applied on the top layer of 
the solidified agar containing the bacteria (from over-night 
cultures, an 1:500 (S. aureus) and an 1:1000 (E. coli) dilution 
is made and 3.5 ml are added to 500 ml of molten agar). 
After the incubation, the inhibition zones are measured and the 
results obtained are set out in Table 1 . 

Test bacteria Staphylococcus aureus ATCC 9144 

Escherichia coli NCTC 8196 

Nutrient medium: Casein soy meal pepton agar ( two layers of agar: 15 ml 

bottom layer without germs and 6 ml top layer with bacteria) 

Incubation: 1 8-24 hours at 37°C 
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Table 1 (All tests were performed twice and both results are given in the table) 



Cotton samples and treatment of the samples 
after application of the formulation 


Staph, aureus 


Escherichia 
coii | 


Zl 


Zl 




28/28 


21 / 22 


2: dried at RT + 5 minutes at 150°C / 

Uf lWaollcU 


26/27 


19/19 


3: dried at RT + 5 minutes at 170°C / 

i in\»/achorl 
UilWaSncU 


26/27 


20/21 


h. ariea ax rc i / wasneu zu limes ^Keierencej 


4/5 


3/3 


5: pfried at RT + 5 minutes at 150°C / washed 
£\j nmes ai 4U u 


10/9 


7/7 


6: dried at RT + 5 minutes at 170°C / washed 
20 times at 40°C 


10/10 


6/7 


7: dried at RT / washed 30 times (Reference) 


4/3 


1 /1 


8: dried at RT + 5 minutes at 150°C / washed 
30 times at 40°C 


7/8 


4/5 


9: dried at RT + 5 minutes at 170°C / washed 
30 times at 40°C 


10/10 


6/6 



Legend: RT = room temperature 

Zl = zone of inhibition in mm around the disc 
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Example 3 (Preparation of the inclusion complex) 

38.4 g of Cavasol W7 MCT® (commercially available from Wacker Chemie AG, Germany) 
and 33.5 g of water are mixed together to form Mixture A. 

7.5 g of the antimicrobial agent of formula 




(102) 



and 7.5 g ethanol are mixed together to form Mixture B. 

Mixture A is transferred to a Kenwood-kneader and Mixture B is added in portions during 
kneading. After complete addition of Mixture B the kneading process is continued for about 4 
hours. Then the paste is put in a (vacuum) dryer at about 60°C in order to evaporate the 
solvent and the water. Finally the dried product is ground in a mortar in order to obtain a 
flowable powder. 

Example 4 (Preparation of the inclusion complex) 

24 g of Cavasol W7 MCT® (commercially available from Wacker Chemie AG, Germany) are 
added to 70 g of water under stirring. Stirring is continued for one hour to form a solution. 
Then the pH is adjusted to a value of 7.5 by addition of 2.5 g of disodium hydrogen 
phosphate. 4 g of the antimicrobial agent of formula (101) are added under stirring and 
stirring is continued for 16 hours at a temperature of 40°C. Then the solution having a turbid 
appearance is filtered by suction and the resulting clear solution is dried at a pressure of 50 
mbar and a temperature of about 40°C in a paddel drier (Venulett). Obtained are 28 g of a 
white product which can be applied to cotton fabric according to the procedure given in 
Example 2. 

Example 5 (Preparation of the inclusion complex) 

24 g of Cavasol W7 MCT* (commercially available from Wacker Chemie AG, Germany) are 
added to 70 g of water under stirring. A small amount of a defoaming agent is added and 



BNSDOCID: <WO 0222941A1_I_> 



WO 02/22941 



-20- 



PCT/EP01/10283 



stirring is continued for one hour to form a solution. Then the pH is adjusted to a value of 7.5 
by addition of 2.5 g of disodium hydrogen phosphate. 4.5 g of the antimicrobial agent of 
formula 



CI OH 




(103) 



are added under stirring and stirring is continued for 10 hours at a temperature of 40°C. Then 
the solution having a turbid appearance is passed over a filter press and the resulting clear 
solution is dried in a spray dryer at an inlet temperature of 180*0. Obtained are 29 g of a 
white product which can be applied to cotton fabric according to the procedure given in 
Example 2. 

Example 6 (Preparation of the inclusion complex) 

24 g of Cavasol W7 MOT® (commercially available from Wacker Chemie AG, Germany) are 
added to 70 g of water under stirring. Stirring is continued for one hour to form a solution. 
Then the pH is adjusted to a value of 1 0 by addition of the appropriate amount of sodium 
hydroxide. 4 g of the antimicrobial agent of formula (101) are added under stirring and stirring 
is continued for 16 hours at a temperature of 40°C. The pH is kept at a value of 10 by 
addition of sodium hydroxide. Then the solution having a turbid appearance is filtered by 
suction and the resulting clear solution is dried at a pressure of 50 mbar and a temperature of 
about 40°C in a paddel drier (Venulett). Obtained are 28 g of a white product which can be 
applied to cotton fabric according to the procedure given in Example 2. 

Example 7 (Preparation of the inclusion complex) 

a) 31 g of p-cyclodextrin are added to 1000 g of deionised water at a temperature of 60°C 
under stirring and stirring is continued for 15 minutes to form a solution. Then 7 g of the 
antimicrobial agent of formula (101) are added and the solution is stirred at a temperature of 
60°C for two hours. Subsequently the solution is cooled to 20°C. The resulting white 
suspension is filtered by suction. The wet cake obtained is dissolved in 40 g of water and 9.5 
g of a sodium hydroxide solution (36%). 

b) A separate solution is prepared by adding 12.4 g of cyanuric chloride and a small amount 
of a defoaming agent to a mixture of 60 g of water and 60 g of ice. For 5 hours the mixture is 
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held at a temperature of 0 to 5°C and a pH of 9 to 1 1 (by addition of a sodium hydroxide 
solution, 36%). 

c) The solution prepared according to a) is added to the solution prepared according to b) 
within 2 hours, keeping the pH at a value of about 10 to 12. Stirring is continued for 3 hours, 
the mixture is filtered and the clear solution is subjected to a rotary evaporator at a 
temperature of about 40°C and a pressure of 50 mbar. 50 g of a white product are obtained 
which can be applied to cotton fabric according to the procedure given in Example 2. 

Example 8 (Preparation of the inclusion complex) 

a) A separate solution is prepared by addition of 20 g of cyanuric chloride to a mixture of 100 

. g of water, 90 g of ice and a small amount of a defoaming agent at a temperature of 0 to 5°C. 
For about 5 hours the mixture is held at a temperature of 0 to 5°C and a pH of 9 to 12 (by 
addition of a sodium hydroxide solution, 36%). 

b) A further solution is prepared by addition of 30.8 g of p-cyclodextrin to a mixture of 40 g of 
water and 15.6 g of a sodium hydroxide solution. 

c) The solution prepared according to b) is added to the solution prepared according to a) 
over a period of 3 hours keeping the pH at a value of 10 to 12. Stirring is continued for 3 
hours at a pH value of 8 to 10. The mixture is filtered and 14 g of the antimicrobial agent of 
formula (103) as well as 4.5 g of disodium hydrogen phosphate are added to the clear 
solution. Stirring is continued for 16 hours at a temperature of 40°C. The resulting solution 
having a turbid appearance is filtered by suction and the resulting clear solution is dried at a 
pressure of 50 mbar and a temperature of about 40°C in a paddel drier (Venulett). Obtained 
are 60 g of a white product which can be applied to cotton fabric according to the procedure 
given in Example 2. 



BNSDOCID: <WO 0222941A1 J_> 



WO 02/22941 



-22- 



PCT/EP01/10283 



Claims 

1 . A process for the antimicrobial treatment of fiber materials, comprising 

applying to the fiber material an inclusion complex of a fiber-reactive cyclodextrin derivative 
with an antimicrobial agent selected from the group consisting of 

(a) halogeno-o-hydroxydiphenyl compounds or non-halogenated hydroxydiphenyl ether 
compounds; 

(b) phenol derivatives; 

(c) benzyl alcohols; 

(d) chlorohexidine and derivatives thereof; 

(e) C 12 -C l4 alkylbetaines and C 8 -C 18 fatty acid amidoalkylbetaines; 

(f) amphoteric surfactants; 

(g) trihalocarbanilides; 

(h) quaternary and polyquaternary compounds; and 

(i) thiazole compounds. 

2. A process according to claim 1 wherein the antimicrobial agent (a) is a compound of 
formula 




OH 



wherein 

X is oxygen, sulfur or -CH 2 -, 

Y is chloro or bromo, 

Z is S0 2 H, N0 2 or C r C 4 -AIkyl, 

r is 0 to 3, 

o is 0 to 3, 

p is 0 or 1 , 

m is 0 or 1 and 

n is 0 or 1 ; 

and at least one of r or o is * 0. 
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3. A process according to claim 2, wherein the antimicrobial agent (a) is a compound 
formula (1), wherein 



X 


is oxygen, sulfur or -CH 2 - f and 


Y 


is chloro or bromo, 


m 


is 0, 


n 


isOor 1, 


0 


is 1 or 2, 


r 


is 1 or 2 and 


P 


is 0. 



4. A process according to claim 2 or 3, wherein the antimicrobial agent (a) is a compound 
formula 



(2) 




(Cl) n 

wherein 

X is -O- or -CH 2 -; 
m is 1 to 3; and 
n is 1 or 2. 

5. A process according to any of claims 1 to 4 wherein the antimicrobial agent (a) is a 
compound of formula 

CI OH 
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6. A process according to any of claims 1 to 4 wherein the antimicrobial agent (a) is a 
compound of formula 

OH 

(4) - -° 

^ ^ CI 

7. A process according to claim 1 wherein the antimicrobial agent (a) is a compound of the 
formula 

OH 

(V) 
wherein 

U, and U 2 are independently of each other hydrogen, hydroxy, unsubstituted or hydroxy- 

substituted C,-C 20 alkyl, C 5 -C 7 cycloalkyl, C r C 6 alkylcarbonyl, C r C 20 alkoxy, phenyl or 

phenyl-CVCa-alkyl; 
U 3 is hydrogen, d-C^alky!, C-C^alkoxy or d-Csalkylcarbonyl; and 
U 4 is hydrogen, unsubstituted or hydroxy-substituted C r C 20 alkyl, Cg-Cycycloalkyl, hydroxy, 

formyl, acetonyl, C r C 6 alkylcarbonyl, C 2 -C 20 alkenyl, carboxy, carboxyC r C 3 alkyl, C,- 

C 3 alkylcarbonylC r C 3 alkyl or carboxyallyl. 

8. A process according to claim 7 wherein U 1 and U 3 are C^alkyl and U 2 and U 4 are 
hydrogen. 

9. A process according to claim 1 wherein the antimicrobial agent (b) is a compound of the 
formula 
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OH 



(5) 




wherein 

R, is hydrogen, hydroxy, C 1 -C 4 alkyi, chloro, nitro, phenyl oder benzyl, 
R 2 is hydrogen, hydroxy, C r C 6 aIkyl or halogen, 

R 3 is hydrogen, C r C 6 aikyl, hydroxy, chloro, nitro or a sulfo group in the form of the alkali 

metal salts or ammonium salts thereof, 
R 4 is hydrogen or methyl, and 
R 5 is hydrogen or nitro. 

10. A process according to claim 1 wherein the antimicrobial agent (c) is a compound of the 
formula 



wherein 

R lf R 2 , R 3 , R 4 and R 5 are each independently of one another hydrogen or chloro. 

11. A process according to claim 1 wherein the antimicrobial agent (g) is a compound of the 
formula 




CH 2 -OH 



(6) 



(7) 




wherein 



Hal is chloro or bromo, 
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n and m are 1 or 2, and 
n + m are 3. 

12. A process according to any of claims 1 to 1 1 , wherein the fiber-reactive group of the 
cyclodextrin derivative is a nitrogen-containing heterocycle having at least one substituent 
selected from the group consisting of halogen and unsubstituted or substituted pyridinium. 

13. A process according to any of claims 1 to 12, wherein the fiber-reactive group of the 
cyclodextrin derivative is 

a) a triazine group of formula 



wherein 

R 10 is fluorine, chlorine or unsubstituted or carboxy-substituted pyridinium, and 
R„ is as defined above for R 10 or is a radical of formula -OR 12 or -N(R 13 )R 14l wherein 
R 12 is hydrogen, alkali, C r C 8 alkyl which is unsubstituted or substituted by hydroxy or 
C r C 4 alkoxy, and 

R 13 and R 14 , independently from each other, are hydrogen; C r C 8 alkyl which is unsubstituted 
or substituted by C r C 4 aIkoxy, hydroxy, sulfo, sulfato or carboxy; or phenyl which is 
unsubstituted or substituted by C r C 4 alkyl, C r C 4 alkoxy, halogen, nitro, carboxy or sulfo; 
b) or is a pyrimidinyl group of formula 



(10) 




R. 



11 



(11) 




'16 



wherein 

one of radicals R 15 and R 16 is fluorine or chlorine and the other one of radicals R 15 and R n6 is 
fluorine, chlorine, or is a radical of formula -OR 12 or -N(R 13 )R 14 as defined above, and 
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R 17 is C r C 4 alkylsulfonyl, C r C 4 alkoxysulfonyl t d-C^alkoxycarbonyl, C 2 -C 4 alkanoyl, chlorine, 

nitro, cyano, carboxyl or hydroxyl; 

c) or is a dichloroquinoxaline group of formula 



14. A process according to any of claims 1 to 13, wherein the fiber-reactive group of the 
cyclodextrin derivative is 
a triazine group of formula 



wherein 

R 10 is chlorine, and 

R„ is a radical of formula -OR 12 , wherein R n2 is hydrogen, alkali or d-Caalkyl, preferably 
alkali. 

15. A process according to any of claims 1 to 14, wherein the cyclodextrin derivative 
contains 2 to 3 fiber-reactive groups. 

16. A process according to any of claims 1 to 15, wherein the application of the inclusion 
complex is carried out in aqueous medium containing 2 to 100 g per liter of the inclusion 
complex. 

17. A process according to any of claims 1 to 16, wherein the application of the inclusion 
complex is carried out at a pH of from 4 to 7. 

18. A process according to any of claims 1 to 17, wherein the application of the inclusion 
complex is carried out by the padding technique. 




(10) 




•11 
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19. A process according to any of claims 1 to 18, wherein the fiber material after application 
of the inclusion complex is treated at a temperature of 100 to 200°C. 

20. A process according to any of claims 1 to 19, wherein the fiber material is natural or 
synthetic polyamide fiber material or cellulosic fiber material, preferably cotton. 

21. An aqueous composition comprising an inclusion complex of a fiber-reactive cyclodextrin 
derivative with an antimicrobial agent selected from the group consisting of 

(a) halogeno-o-hydroxydiphenyl compounds or non-halogenated hydroxydiphenyl ether 
compounds; 

(b) phenol derivatives; 

(c) benzyl alcohols; 

(d) chlorohexidine and derivatives thereof; 

(e) C 12 -C 14 alkylbetaines and C 8 -C 18 fatty acid amidoalkylbetaines; 

(f) amphoteric surfactants; 

(g) trihalocarbanilides; 

(h) quaternary and polyquaternary compounds; and 

(i) thiazole compounds. 

22. An inclusion complex of a fiber-reactive cyclodextrin derivative with an antimicrobial 
agent selected from the group consisting of 

(a) halogeno-o-hydroxydiphenyl compounds or non-halogenated hydroxydiphenyl ether 
compounds; 

(b) phenol derivatives; 

(c) benzyl alcohols; 

(d) chlorohexidine and derivatives thereof; 

(e) C 12 -C 14 a!kylbetaines and C 8 -C 18 fatty acid amidoalkylbetaines; 

(f) amphoteric surfactants; 

(g) trihalocarbanilides; 

(h) quaternary and polyquaternary compounds; and 

(i) . thiazole compounds. 
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23. A process for the preparation of an inclusion complex according to claim 1, which 
comprises 

forming an inclusion complex of a fiber-reactive cyclodextrin with at least one antimicrobial 
agent according to claim 1 at a pH of > 9 and especially of > 1 0. 

24. A process for the preparation of an inclusion complex according to claim 1 , which 
comprises 

a) forming an inclusion complex of cyclodextrin with at least one antimicrobial agent 
according to claim 1 ; and then 

b) introducing at least one fiber-reactive group into the inclusion complex obtained according 
to a). 

25. A process according to claim 24 wherein the inclusion complex obtained according to 
step a) is processed directly without intermediate drying. 



BNSpOCID: <WO 0222941 A 1_l_> 



INTERNATIONAL SEARCH REPORT 



Int nal Application No 

PCf/tP 01/10283 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 D06M16/00 D06M15/03 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. RELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 D06M 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 

EPO-Internal, WPI Data, PAJ 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 0 Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



DENTER U ET AL: "VERFAHRENSTECHNISCHE 
M0TH0DEN ZUR PERMANENT FIXIERUNG VON 
CYCLODEXTRINDERIVATEN AUF TEXTILEN 
OBERFLAECHEN" 

TEXTILVEREDLUNG , CH , THURGAUER TAGBLATT , 
WEINFELDEN, 

vol. 32, no. 1/02, 1997, pages 33-39, 

XP000688236 

ISSN: 0040-5310 

* paragraphs 2.2 - 2.3 * 
figure 2; table 2 

* paragraph 3.5; table 5 * 

-/- 



1,12-14, 
16,18-22 



Further documents are listed in the continuation of box C. 



x 



Patent family members are listed in annex. 



0 Special categories of cited documents : 

•A 1 document defining the general state of the art which is not 

considered to be of particular relevance 
■E' earlier document but published on or after the international 

filing date 

"L* document which may throw doubts on priority claim(s) or 
which is cited to establish the publication dale of another 
citation or other special reason (as specified) 

'O* document referring to an oral disclosure, use, exhibition or 
other means 

•P" document published prior to the international filing date but 
later than the priority date claimed 



"T* later document published after the international filing date 
or prioriiy'date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
. invention 

'X' document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

■V document of particular relevance; the claimed invention 

can no! be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

'&' document member of the same patenl family 



Date of the actual completion of the internationaJ search 



30 January 2002 



Date of mailing of the international search report 



13/02/2002 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL-2280HVRijswijk 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 



Authorized officer 



Fiocco, M 



Form PCT/1SA/210 (second sheel) (July 1992) 



BNSDOCID: <WO_ 



__0222941A1_I_> 



INTERNATIONAL SEARCH REPORT 


Ir il Application No 
01/10283 


C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 


Category ° 


Citalion of documenl, wllh indicalion.where appropriale, of Ihe relevan! passages 


Relevant lo claim No. 


X 


DATABASE WPI 

Section Ch, Week 199117 

Derwent Publications Ltd., London, GB; 

Class B07, AN 1991-119776 

XP002188722 

& HU 54 506 A (CYCLOLAB CIKLODEXTR), 
28 March 1991 (1991-03-28) 
abstract 




22 


A 


US 5 728 823 A (HAAS WOLFGANG ET AL) 
17 March 1998 (1998-03-17) 
cited in the application 
column 1, line 40 -column 4, line 31 
column 9, line 64 -column 10, line 5 
examples 46-48 




1-25 


A 


W0 00 47811 A (WELTROWSKI MAREK ;MARTEL 
BERNARD (FR); MORCELLET MICHEL (FR); UNIV) 
17 August 2000 (2000-08-17) 
Daae 3 line 21 -Daae 4. line 17 
page 6, line 8 - line 12 
example 13 




1-25 


A 


DE 195 20 967 A (CONSORTIUM ELEKTR0CHEM 
IND} 12 December 1996 (1996-12-12) 
claims 




1-25 


A 


US 5 139 687 A (B0RCHER SR THOMAS A ET 
AL) 18 August 1992 (1992-08-18) 
column 5, line 55 -column 6, line 47 
column 9, line 10 - line 23 




1,10,21, 
22 


A 


EP 0 350 147 A (SMITH & NEPHEW) 
10 January 1990 (1990-01-10) 
examples 5,6 




1-5,21, 
22 



Form PCT/ISA/210 (continuation ot second sheet) (July 1992) 



BNSDOCID: <WO 0222941 A 1_l_> 









in 


ppHcation No 


INTERNATIONAL SEARCH REPORT 


f O 1/ LI 


Jl/10283 


Patent document 


Publication 


Patent family 


Publication 


cited in search report 


date 


member(s) 




date 



HU 54506 



28-03-1991 HU 



54506 A2 



28-03-1991 



US 5728823 



17-03-1998 DE 
DE 
EP 
JP 
JP 



4429229 Al 
59509861 Dl 
0697415 Al 
2654378 B2 
8067702 A 



22-02-1996 
03-01-2002 
21-02-1996 
17-09-1997 
12-03-1996 



WO 0047811 


A 


17-08-2000 FR 


2789704 Al 


18-08-2000 






AU 


2677800 A 


29-08-2000 






EP 


1157156 Al 


28-11-2001 






WO 


0047811 Al 


17-08-2000 



DE 19520967 A 12-12-1996 DE 19520967 Al 12-12-1996 



US 5139687 A 18-08-1992 AU 662102 82 24-08-1995 

AU 7793191 A 27-11-1991 

CA 2082523 Al 10-11-1991 

CN 1057275 A 25-12-1991 

EP 0527840 Al 24-02-1993 

NZ 238086 A 26-03-1993 

W0 9117300 Al 14-11-1991 



EP 0350147 


A 


10-01-1990 AT 


124873 


T 


15-07-1995 






AU 


605419 


B2 


10-01-1991 






AU 


3327389 


A 


26-10-1989 






CA 


1339977 


Al 


28-07-1998 






DE 


68923407 


Dl 


17-08-1995 






DE 


68923407 


T2 


27-02-1997 






EP 


0350147 


A2 


10-01-1990 






ES 


2076954 


T3 


16-11-1995 






GB 


2218617 


A ,B 


22-11-1989 






JP 


1320052 


A 


26-12-1989 






US 


5261421 


A 


16-11-1993 






US 


5180605 


A 


19-01-1993 






ZA 


8902952 


A 


27-12-1989 



Form PCT/ISA/210 (patent family annex) (Jury 1992) 



BNSDOCID: <WO 0222941 Al_l_> 



THIS PAGE BLANK (U6PKD 



